Abstract This study examines the bases of residential segregation in a late nineteenth century American city, recognizing the strong tendency toward homophily within neighborhoods. Our primary question is how ethnicity, social class, nativity, and family composition affect where people live. Segregation is usually studied one dimension at a time, but these social differences are interrelated, and thus a multivariate approach is needed to understand their effects. We find that ethnicity is the main basis of local residential sorting, while occupational standing and, to a lesser degree, family life cycle and nativity also are significant. A second concern is the geographic scale of neighborhoods: in this study, the geographic area within which the characteristics of potential neighbors matter in locational outcomes of individuals. Studies of segregation typically use a single spatial scale, often one determined by the availability of administrative data. We take advantage of a unique data set containing the address and geo-referenced location of every resident. We conclude that it is the most local scale that offers the best prediction of people's similarity to their neighbors. Adding information at larger scales minimally improves prediction of the person's location. The 1880 neighborhoods of Newark, New Jersey, were formed as individuals located themselves among similar neighbors on a single street segment.
Introduction Sorting People Into Neighborhoods
Our subject is the neighborhood and, specifically, how neighborhoods are constituted by the sorting of residents into different areas. Spatial differentiation was a central observation of early human ecologists who noted "the continuous sifting and sorting of the city's population…[which produces] a patchwork of local areas differentiated from one another by cultural, racial, or linguistic peculiarities" (McKenzie 1921 (McKenzie /1968 ; see also Burgess 1925:56) . Contemporary social scientists agree that the spatial organization of cities is multidimensional. A neighborhood is a "bundle of spatially based attributes" (Galster 2001 (Galster :2012 . Seeking to simplify this bundle, Shevky and Bell (1961) argued that local areas within the city could be delineated on the basis of indicators of just three dimensions: social rank, urbanization, and segregation. A considerable literature in factorial ecology has pursued this approach by applying factor analysis to summarize the correlations among large numbers of census tract characteristics (Berry and Rees 1969; Van Arsdol et al. 1958; White 1987) . Such studies are based on aggregate data. Indicators with high ecological correlations establish the dimensions of neighborhood differentiation, and these can then be used to define clusters of similar areas as neighborhoods (Sampson et al. 1997 ).
We do not seek to identify neighborhoods but rather to understand the processes through which they are created and maintained by individuals' choices about where to live. This purpose requires simultaneous information at the aggregate level (e.g., the composition of small areas) and at the individual level (e.g., the set of characteristics of people who live in these areas). This multilevel approach is similar in spirit to the locational attainment models advanced in a series of studies by Alba and Logan (1992;  see also Logan et al. 2002) . A disadvantage of those models is that they examine one neighborhood outcome at a time. In practice, people are faced with potential neighborhoods that vary simultaneously on many dimensions. To address this concern, we employ discrete choice models of the sort estimated by Bruch (2014) , in which the specific neighborhood in which a person lives is predicted by the combination of local area and personal characteristics (see also Bruch and Mare 2012; Quillian 2015) . As Quillian (2015:258) pointed out, "The major advantage of the discrete-choice approach is its ability to represent place outcomes as multidimensional…or as composed of a bundle of attributes that simultaneously influence locational attainment. Discrete choice then allows us to address the question of the relative importance of each neighborhood attribute in determining destinations."
Here, we briefly review the literature on which social characteristics are likely bases of neighborhood formation. Most attention has been given to race/ethnicity and social class, and how these two dimensions interact. There are several points of view. Although this study cannot test the hypothesized processes, they are important motivators for this research.
Spatial Assimilation
In the spatial assimilation tradition, it is assumed that ethnic residential segregation will be undermined over time by socioeconomic mobility and acculturation of immigrant group members (Massey 1985) . In other words, segregation by ethnicity will give way to more powerful forces related to class and nativity.
Place Stratification
In contrast, the place stratification perspective argues that some racialized groups will experience segregation regardless of their economic resources. Studies of contemporary residential segregation have documented that blacks in the United States are less likely to convert their socioeconomic resources into better residential outcomes than other groups because they are more susceptible to prejudice and discrimination (Charles 2003; Massey and Denton 1993; White 1987) . Many empirical studies have shown that the effect of class standing on residential outcomes is relatively smaller for blacks than for Hispanics or Asians (Alba et al. 2000 ; Denton and Massey 1988; Iceland and Wilkes 2006; Logan et al. 2004) . These processes are susceptible to change over time. For example, Wilson (1987) noted that middle class blacks in the 1940s and 1950s were consigned to live in urban black neighborhoods (race trumped class) but increasingly were able to move out of such neighborhoods by the 1980s (class began to play a larger role in their locational outcomes).
Organization of Production
Another factor affecting residential outcomes is the proximity of workplaces. Scott (1990) made the general argument that the organization of production affects the spatial distribution of occupations in a city. In the late nineteenth century context that we study, this effect could show up in both ethnic and class segregation, but its force depended on transportation infrastructure. While intercity and intracity rail transport existed, the average city dweller still likely walked everywhere (Hershberg 1981) . As new transit systems lowered the economic barriers to commuting, increasing numbers of Americans left crowded city centers for more peripheral neighborhoods, thereby increasing geographic separation of rich and poor (Warner 1962) . At the extremes, the capability of the middle and upper classes to separate home and work by commuting into the inner city supported increasing class segregation.
Preferences
A fourth theoretical approach gives priority to preferences. Living together with people of similar social class may be due not only to comparable financial resources but also to greater satisfaction from living among peers. Logan and colleagues (2002) argued that some ethnic groups have such strong preferences for ethnic communities that immigrants with more financial resources and human capital may choose to live in ethnic neighborhoods even though they have an option to enter the mainstream community. Similar preferences could lead people to select neighborhoods based on their family composition (e.g., unmarried persons may prefer different areas than families with children) and nativity (aside from coethnic preferences and economic constraints, immigrants may prefer neighborhoods with more immigrants).
Little systematic evidence is available on these alternative theories for the late nineteenth century. An important exception is Zunz's (1982) study of Detroit in the years 1880-1920. He argued that segregation here was initially (in 1880) primarily based on ethnicity. He found that by 1920, Poles, Hungarians, Jews, and blacks "reached record levels of concentration in some blocks " (1982:341) . During this same period, however, Irish concentrations disappeared, and German clusters became more scattered. Simultaneously, occupation became more important to location, often in tandem with ethnicity. In 1880, ethnic blocks commonly included a wide range of occupations, from laborers to professionals and shopkeepers. By 1920, however, many whole city blocks were made up entirely of people with the same ethnicity and occupation, such as Polish factory workers, native white factory workers, or native white office workers.
Other historians have linked Newark's class and ethnic structure to the changing relationship among jobs, ethnic niches, and neighborhood. Newark's original business district on the western bank of the Passaic River included the city's most desirable residential property in the mid nineteenth century. "The convenience of living close to the hub of economic, social and religious activities, the security offered by good police protection, and the inadequate facilities for intra-city travel, combined to keep residential real estate in the inner wards expensive and exclusive" (Popper 1952:160-161 ). Yet, by 1870, seven horse car routes extended even beyond the city limits, facilitating early suburbanization. At the same time, new railroad freight lines were introduced, with terminals, warehouses, and industrial plants located near the tracks (Drummond 1979:115, 131) . Consequently, Newark's neighborhoods were being divided in new ways. Many of Newark's Irish immigrants worked in the docks along the Passaic and lived in poor areas nearby, while many Germans worked on farms in the less-populated western edge of the city. Class, ethnicity, and neighborhood were clearly interlocked.
The Spatial Scale of Neighborhoods
A second goal of this study is to discover the spatial scale at which social homophily organizes neighborhoods. The common practice in ecological analysis is to identify neighborhoods by administrative units for which relevant data are available, such as census tracts or combinations of census tracts-what White (1987) referred to as "statistical areas"-despite widespread agreement that such units are arbitrary (Dietz 2002) . Although this practice has been imposed by the lack of data at smaller scales, it has a theoretical justification. A "neighborhood" of as many as 3,000-5,000 residents (the usual range for a contemporary census tract) is large enough to constitute a market for local goods and services, and may support institutions, such as a school or church. However, other spatial scales also have substantive meaning. As Reardon et al. (2008:490, citing Kaplan and Holloway 2001) pointed out, "There is no single geographic scale of segregation."
Urban sociologists are familiar with the coexistence of different vertical layers of local social organization, often starting with the face block (both sides of a street between two intersections) extending to a larger neighborhood, community area or district, or even an entire city (Hunter 1974; Suttles 1972) . Both Suttles and Hunter considered the street segment (a residential face block bounded by intersecting streets) or face block to be the main basis of casual social relationships and face-to-face neighbor relations. Anderson (1992) and Grannis (2009) made the same assumption. Suttles (1972:56) referred to the next layer ("the smallest area which possesses a corporate identity known to both its members and outsiders") as the defended neighborhood-the area in which he expected to find collective mobilization. Kusenbach (2008) more recently investigated neighborhoods at various spatial scales (microsettings within blocks, street blocks, walking-distance neighborhoods, and larger enclaves), showing that they have different constellations of residents' sentiments and practical uses of their environment, neighborly interaction and relationships, and locals' participation in collective events and rituals.
Studies using agent-based models of residential location are also confronted with the question of spatial scale. O'Sullivan (2005) presumed that people make choices about where to live (or whether to move) based on the composition of their neighborhood at two scales. One is the local neighborhood, comprising the immediate neighbors who live adjacent to the person. This is the scale of what Schelling (1978:147) termed a "self-forming neighborhood" because in his simulations, even moderate levels of intolerance for difference can lead to a socially homogeneous area at this small scale. The other is a larger bounded neighborhood containing many households, such as a school attendance area or an area with a distinctive locational reputation. When characteristics of bounded neighborhoods are important to agents (e.g., because they value sending children to a particular school), O'Sullivan (2005) believed that segregation at this larger scale may be greater than at the local scale. Hence, neighborhoods can be organized at either or both of these spatial scales.
Because the agent-based model conceptualizes neighborhoods as the environment surrounding a given person, it questions a key assumption of ecological studies: namely, the assumptions that neighborhoods actually are clearly bounded and that they do not overlap. That is, at some borderline, one neighborhood ends, and another begins. The alternative is to study what geographers call "egocentric neighborhoods." That is, every person's residential or work location is the center of their own neighborhood, so that neighborhoods are inherently overlapping (Chaix 2009; Spielman and Logan 2013) . The idea that neighborhoods exist around people is reinforced by studies of people's perceptions. Field experiments by Coulton et al. (2001) found that most residents placed their own home at the center of their neighborhood. Survey research by Hunter (1974) reported that neighborhoods had rolling boundaries: that is, people might agree on the name of their neighborhood, but those living near its edge tend to perceive it as extending further in that direction. Egocentric neighborhoods can also be constructed at multiple scales. For example, Lee et al. (2008) used a series of concentric rings to estimate spatial measures of residential segregation at different distances from a person's home. We do not dispute the value of thinking about neighborhoods as fixed, bounded, and nonoverlapping areas of the city. However, the advantage of studying egocentric neighborhoods is that we can evaluate more precisely the social composition of the areas surrounding a person without making a priori assumptions about geographic scale and without having to treat people who live at the edges of neighborhoods as living in the same locale as people who are located at the neighborhood core.
Research Design
This study uses data from the city of Newark, New Jersey, in 1880. It relies on 100 % individual-level microdata from the 1880 census and the ability to identify the specific location of each person's residence in the city. Information about characteristics of individuals is compared with information about neighborhoods at multiple spatial scales through discrete choice models. This approach is unique in two crucial ways. First, most previous historical research on segregation (see the sources on black-white segregation cited by Massey and Denton (1993) and Lieberson's (1963) groundbreaking studies of white ethnic segregation) relied on data after 1900 and aggregated at the level of city wards. Wards can be very large areas (Chicago's wards in 1900, for example, averaged a population of about 50,000) and are thus not well suited to identifying neighborhoods. We are able to define neighborhoods at any spatial scale. Second, previous historical studies have been limited in their ability to assess segregation on dimensions other than race and ethnicity. We will draw systematically on race/ethnicity, nativity (foreign birth), occupational standing, and family composition.
Newark is one of 39 cities for which geocoded full count microdata are available from the Urban Transition HGIS Project (Logan et al. 2011) . We selected Newark for this analysis because it is among the few cities with large shares of immigrants from both Ireland (typical of Eastern Seaboard cities) and Germany (typical of Midwestern cities). Irish immigrants flocked to Newark in the 1820s to work on the construction of the Morris Canal. Construction jobs at the canal were dangerous and underpaid, but the Irish, who were mostly poor and unskilled laborers, accepted these conditions (Wepman 2002) . Later, the Irish Great Famine during the 1840s stimulated a larger wave of immigrants, who were met with rising anti-Irish sentiment (Bider and Reimers 1995) . Germans also began arriving in Newark in significant numbers during the 1840s. While the Irish were often described as an "unassimilable" population because of their low socioeconomic status (SES) and Catholic religion, Germans were portrayed as affluent farmers or skilled artisans but standing culturally apart from local people. Future studies can extend this analysis to a comparison across cities. It could be important, for example, to ask whether ethnicity is more consequential for neighborhood formation in cities with a single dominant ethnic minority or in one where many are represented.
Data
Utilizing the 1880 full-count census data prepared by the Minnesota Population Center, we developed a GIS street map of Newark, NJ, and geocoded individual addresses. This study uses a data set in which 133,554 persons (98 % of Newark's total population) in 28,489 households are georeferenced. The 100 % sample for the 1880 census includes information about several key population characteristics. These individual-level variables can be aggregated to local areas at any spatial scale for all the focal person's neighbors but not including data for that person.
In the descriptive analyses (characteristics of the city population and levels of segregation and isolation), the calculations are based on persons 18 and older (80,116 men and women). This age cutoff decision reflects that location decisions are not made by children (although parents may take them into account in choosing locations) and also avoids an ambiguity about whom to treat as a native white person. Almost all children living with their second-generation parents were born in the United States; on that basis, they could be considered native whites (3+ generation). However, we believe that such classification would imply greater ethnic diversity than actually existed. Children are therefore excluded from all of our analyses.
In multivariate analyses of who lives where, we make further selections. The finest geography that we study here is the street segment. Because we wish to take into account neighbors' SES as a neighborhood characteristic, we select only street segments (and residents of street segments) where there are enough cases (five or more neighbors with a listed occupation) to construct a reasonably reliable measure. This selection reduces the sample from 1,498 to 1,442 street segments. Because the majority of women did not have a listed occupation-and to avoid including multiple family members in the multivariate analysis (e.g., husbands and wives or fathers and coresiding adult daughters)-the analysis is limited to men (age 18 and older) who had a job in 1880. In most cases, this means that we select only one person from each household. These procedures reduce our individual-level sample to 28,922 persons. Following established practice (Duncombe et al. 2001; Mare and Bruch 2003; McFadden 1978 ), we impose a further limit on the sample size (the number of individuals and the number of street segments on which they resided) in order to stay within our computational capacity for discrete choice models (the computational load is the number of individuals multiplied by the number of street segments, more than 4 million observations.) After some experimentation, we found that the optimum size was a 10 % random sample (2,894 individuals), including as possible options all 1,442 residential street segments in which a sampled person of any group lived.
We include all residents, recent movers, and stayers in this sample. We do this mainly for substantive reasons: as Bruch and Mare (2012:123) pointed out, "Nonmoves are informative about residential choice because it is likely that the chances of opting for one's own neighborhood do in fact depend on the measured characteristics of the neighborhood." This is the choice made by Bruch and Mare (2012) and Bruch (2014) . It is also imposed by the 1880 census data, which do not report when people moved to their current residence. In contrast, Mare and Bruch (2003) limited their analysis to recent movers. This decision makes model estimation more manageable, and it also has a substantive rationale. The neighborhood today may be very different from the neighborhood that previous movers came to years ago, and those previous movers themselves may have changed over time. The temporal link between personal and neighborhood characteristics is stronger for recent movers. We suspect that our results are heavily influenced by choices made by recent movers. First, more than 40 % of the population was foreign-born. Second, the city had grown by nearly 30 % between 1870 and 1880, and many of the inhabited street segments in 1880 had not yet been developed a decade earlier. Third, renters in tenement buildings made up a large share of the population, and they were known to move frequently. For example, Erickson (1995) described the culture of "moving day" in nearby New York City, where it was routine for tenants to move to a new rental at the beginning of May when their leases expired.
We focus on four key individual characteristics: ethnicity/race, nativity, SES, and family status. We use the person's and parents' race and place of birth to create categories of ethnicity/race and nativity. We treat as native white (more than onequarter of the population) those persons who were born in the United States and whose parents are also native-born white (usually referred to in the literature as native white of native parents). For the foreign-born, their country of birth determines their ethnicity. For those who were born in the United States but for whom at least one parent was born abroad, ethnicity is primarily determined by the mother's country of birth. If only the father was foreign-born (or if the mother was foreign-born but her birthplace was not reported), the father's country of birth is applied. The main categories are Irish, German, and British. A much smaller share of the population was black, including those categorized as black or mulatto regardless of the person's and parents' place of birth. A residual "other" category includes diverse European nationalities and a very small share of nonwhites. Nativity is measured by country of birth: native (born in the United States) and foreign (born elsewhere). As a measure of social class, we use occupational socioeconomic index (SEI), an indicator originally calibrated to mid-twentieth century data but shown to be a valid indicator of relative position in this period (Sobek 1996) . When SEI is treated as a categorical variable to measure segregation, we distinguish categories of high (more than 30), middle (20-30), and low (less than 20). Family life cycle is indicated by a dummy variable identifying persons who are married and living with at least one own child versus all others.
These individual characteristics are introduced in the discrete choice model as interaction terms involving place characteristics. We compute these place variables from the whole population of Newark, not from the individual sample: (1) the mean occupational SEI of the neighborhood; (2) the percentage foreign-born; (3) the percentage of married persons with a child; and (4) the percentage of each major racial/ ethnic group. With access to the full microdata, we can measure these place characteristics without including the focal person in our sample, which is particularly helpful when neighborhoods are measured at a fine scale. Especially for our measure of occupational standing, many street segments have very few employed persons, and including the focal person in the place measure would create an artificial correlation between the person and neighborhood characteristic.
We measure these contextual variables at three scales of neighborhood. At the finest level, we aggregate various individual characteristics (but not including the sampled person) from a single street segment. We also study location in a larger set of connected street segments that we call a "segment group." The relationship between a street segment and segment group is illustrated in Fig. 1 . A segment group is the larger neighborhood area within which a street segment is embedded. Finally, we add another layer of street segments that are connected with those in the segment group. We call this the "extended segment group."
Note that neighborhoods at all three scales are egocentric: they are formed from the perspective of the resident of a given street segment. This means that for all 1,442 street segments, the number of segment groups and extended segment groups is the same, and we can link the personal characteristics of every sampled person to those of other residents of the segment, segment group, and extended segment group. Our research question on spatial scale is how much people's residential location depends on the characteristics of the specific street segment where they live, and how much better the prediction is given when we take into account information about the surrounding areas.
Discrete Choice Models
The multivariate analysis is based on discrete choice models for residential location (Duncombe et al. 2001; Bruch and Mare 2006, 2012; McFadden 1973 McFadden , 1978 Quillian 2015) . The discrete choice model is suited for conditions where people choose from among a set of options. It can address the questions of (1) what neighborhood characteristics affect the residential choice of people and (2) how their individual characteristics interact with neighborhood contexts. Its unique feature is that the characteristics of the place where people actually live can be compared with all other Fig. 1 Illustrations of three spatial scales: focal street segment (yellow), first-order neighbors (connected segments, red), and second-order neighbors (connected segment groups, black). Enumeration district boundaries are shown in green places where they might have lived. Individual characteristics are introduced in the discrete choice model as interaction terms that are matched to the corresponding neighborhood characteristics. The effects of these interaction terms can be understood as reflecting spatial sorting mechanisms of homophily in residential choice. For example, statically significant and positive interactions between individual SEI and the mean SEI of the neighborhood would indicate that persons with a higher SEI are more likely to live in a neighborhood with a higher mean SEI. Ultimately, we will test the extent to which observed group differences in residential patterns are attributable to four different social dimensions (i.e., nativity, race/ethnicity, SEI, and family status).
Discrete choice models are usually expressed as conditional logit models in which the choice probabilities are the exponentiated value of log-odds coefficient estimates (Hoffman and Duncan 1988) . The baseline model for discrete choice of residential location can be expressed as
In the baseline model, P ij is the probability that individual i lives in neighborhood j. Z ij stands for the characteristics of the jth neighborhood for individual i, and α denotes the vector of Z ij . Neither the intercept nor a separate vector for individual i is presented in the model because the same individuals have different options repeatedly (i.e., individual characteristics do not vary by options). Therefore, the choice probability is mainly defined by characteristics of the alternative neighborhoods in the model in Eq. (1). However, individual characteristics are included in the model as interaction terms because interactions between individual and neighborhood characteristics can vary. The statistical model that includes both individual and neighborhood characteristics can be expressed as follows:
Notice that the effect of individual characteristics X i vary with β j , which is the log-odds of response j (i.e., selecting neighborhood j). Modeling the interactions between individual and neighborhood characteristics in this way, we can examine how neighborhood contexts matter differently for individuals with different characteristics. In other words, we can analyze how individual characteristics (such as nativity and SEI) are related to neighborhood characteristics (i.e., ethnic composition and SES of the place). The structure of discrete choice models assumes that people could live anywhere and that they make choices from among all the available options. This possibility is, of course, not realistic; and as noted earlier, imposes a very heavy and perhaps unnecessary computational load. If we knew what people's actual choice set was, it would be preferable to model the process in two stages: first, to explain why people have different choice sets to begin with, and then to understand how they make specific choices within that range. An example could be based on distance from domicile to where a person works. Many people likely seek to minimize that distance, and if we knew where they worked (or where most people like them worked), we could profitably incorporate that information into the model. In the absence of such data, we simplify to a single-stage process, not distinguishing between (1) places outside the choice set (because they are too far away or because the person couldn't afford it, wouldn't be allowed to live there, or knew nothing about it) and (2) places that were probably actually considered.
Findings
We present findings in four parts. First, we map the variations in street segments' occupation, nativity, family status, and race/ethnicity, and we report segregation measures based on these variables to assess the extent of residential differentiation at varying spatial scales. Second, we estimate discrete choice models at the scale of street segments, segment groups, and extended segment groups as another way to determine the spatial scale at which locational choices are made. Third, we assess the relative importance of class, nativity, family life cycle, and race/ethnicity in determining who lives where. Finally, we look more closely at individual coefficients and assess the size of their effects on estimated probability of living in a given neighborhood.
Segregation by Social Characteristic and Spatial Scale
Figures 2, 3, 4, and 5 provide maps of street segment characteristics in Newark in 1880. These maps offer a visualization of how people were spatially sorted. the majority ethnic group in street segments (native whites, Germans, and Irish, with a small number of segments that have no population or where another group or no group is a majority). Note the strong spatial clustering. Large adjacent zones are majority German or majority Irish in the west and southeast of the city. In between is a long corridor that is majority native white, stretching from the far north, through the central business district, and then southwest. Ethnic separation is apparent from this map, although it does not reveal to what extent street segments with a plurality of residents of one ethnicity may also include substantial minorities of another. Figure 3 illustrates segregation by occupational standing of the person with the highest SEI in each household on the street segment. SEI has been divided approximately into terciles. This map has some resemblance to the ethnic mosaic: areas with a majority of high-SEI households lie along the same north-south axis as native whites. Other areas are more spatially heterogeneous, with segments with no majority interspersed with those with a majority of low-SEI households. Figure 4 is also somewhat duplicative of the ethnic map because native white areas are quite likely to have a majority (shown here as 60 % or higher) of U.S.-born persons. However, within the predominantly German and Irish areas is a mixture of segments with varying levels of U.S.-born persons. Finally, Fig. 5 shows the distribution of households by family composition (the percentage of households that include a married couple living with their child of any age). There appears to be some spatial pattern in this map, but it is not nearly as clear as for the other characteristics, nor is it as closely linked to ethnicity. Another way to assess how strongly people are sorted by a given characteristic and at what spatial scale is to calculate standard measures of segregation. We present two measures: the index of dissimilarity (D) and isolation (p*). These measures are based on all 80,116 men and women age 18 and older who had valid occupational SEI scores. The index of dissimilarity is an overall measure of the extent to which persons in categories A and B are distributed in the same way across local areas. It achieves a value of 0 when the two distributions are the same, and has a maximum value of 1 when there is no overlap at all between the distributions. It requires that people be assigned to nonoverlapping local areas, and it has the advantage that it is not affected by the relative size of the two categories. Isolation, p*, is a measure of homogeneity of local areas: the percentage of people in category A in the area where the average person in category A resides. This measure has the advantage that it can be defined for egocentric (and therefore overlapping) local areas. Table 1 presents values of D across categories of people at the scale of street segments, segment groups, and extended segment groups. (These larger groupings are necessarily arbitrary; they were created to approximate, insofar as possible, the typical scale of segment groups and extended segment groups.) Note that people are much more segregated at a finer spatial scale, which is to be expected; at its limit, the "neighborhood" is the whole city, and at that spatial scale, there is by definition no segregation. What could not be known a priori, however, is how large a difference the scale makes and at what distances it matters most. Table 1 describes a fairly narrow range of spatial scales: extended segment groups extend no more than two blocks away from a focal street segment. We find that the largest decline in segregation occurs at the very beginning, between the street segment and the segment group, which includes people only one block away. For example, native white-German segregation in Newark in 1880 was .67 at the level of street segments, dropping to .59 for the slightly larger segment groups (an 8-point difference), and then to .56 for extended segment groups (only a 3-point decline).
Another new finding here is that levels of segregation also vary considerably depending on the social categories that are used. Racial/ethnic segregation tends to be highest. In a strong contrast to contemporary findings, the small black population of Newark was only slightly more segregated from native whites than were Germans at the level of street segments, and they were less segregated at larger scales. Segregation of native whites from British is quite low (.37 for street segments), and segregation of native whites from Irish is intermediate (.57 for street segments). Segregation by occupation and nativity is only moderate, and segregation by family status is low. This variation offers a clue as to what will turn out to be the more important bases of neighborhood formation. Table 2 presents the measure of isolation. Isolation measures are strongly affected by the relative size of the category, so it is not advised to compare p* values for different categories. Rather, the values of p* are most interpretable in relation to the relative size of the category in the city (shown in column 1). The three largest ethnic categories (native whites, Irish, and Germans) were also the most isolated, living in street segments with approximately 50 % coethnic neighbors. In all these cases, isolation was much greater than expected simply on the basis of group size, which is due to the extent of their segregation. The same general phenomenon holds for categories of SEI, family status, and nativity; but on these dimensions, the level of isolation is much closer to people's share of the population. Again, this result is an indication that segregation on these dimensions was lower. For race/ethnicity, again a large difference is evident across spatial scales, especially between segments and the other two scales. For example, the average black resident (in a city with only 2 % black population) lived in a street segment that was 18 % black, but this person's segment group and extended segment group were only 7 % and 5 % black, respectively. This finding means that there was a very sharp distance gradient in the clustering of black residents and that most black-white segregation would have been missed with data at the (now-standard) census-tract level. For other ethnic groups and categories of SEI, the gradient across scales is smaller but still evident. For instance, in a city where 30 % of persons had high SEI, high-SEI persons lived, on average, in segments that were 40 % high SEI, compared with segment groups that were 36 % and extended segment groups that were 35 %. However, there was almost no gradient by family status or nativity.
Discrete Choice Models at Different Spatial Scales
These aggregate analyses suggest tentative conclusions: (1) ethnicity was the primary basis of residential sorting, and (2) street segments were much more homogeneous than larger areas. We examine these points more closely through estimation of discrete choice models. As noted earlier, for this purpose, we use a random sample of men age 18 and older with valid occupational SEI, including younger men only if they were not living with their employed father. The full eligible population is 28,922. Table 3 provides the population counts for each racial/ethnic group and the total eligible population, along with means and standard deviations of the other individual-level measures. As noted earlier, the population was predominantly native white, German, and Irish. A very large majority of Germans, Irish, and British were foreign-born. Occupational SEI was markedly highest for native whites (37.6), and lowest for blacks (14.6) and Irish (22.5). Germans, British, and others were intermediate, at around 30. The majority of eligible persons were married with a child (of any age) living in the household. This share was highest for Germans (62 %) and lowest for blacks (42 %). Irish and British were near the average, while native whites and others were below the average. Not shown in the table, we also calculated average ages as a potential control variable given that some differences in SEI or family status could be affected by age differences across groups. The average age of sampled persons (all adults with a recorded occupation) was similar for all groups, ranging from 37.9 to 40.6 with a total mean age of 40.1. The discrete choice models are based on a random sample of 2,894 persons living on 1,442 street segments. We begin by comparing the model fit at the three geographic scales. We include all contextual variables along with every interaction term linking a neighborhood characteristic with the corresponding individual-level characteristic. Table 4 summarizes the fit statistics. The table reveals a consistent increase in the log-likelihood statistic from smaller to larger neighborhood scales, indicating that the salience of a neighborhood characteristic in residential choice is gradually diminished with larger areas. The chi-square test values support the same conclusion. Because the three models have the same set of predictors (df = 17), their chi-square values are directly comparable as measures of goodness of fit. The largest chi-square value (3,074) is for the first model, suggesting that congruence of a person's own attributes with neighborhood characteristics measured at the level of street segments matters most for residential outcomes.
Strength of Predictors at the Street Segment Level
We turn now to the question of which combination of individual and neighborhood characteristics best predicts residential location. What is it about people and their potential neighbors that matters most? This analysis is presented only for street segments, although very similar results are found for segment groups and extended segment groups.
Measures of goodness of fit can be used in two ways to evaluate the relative strength of different categories of predictors. One is to estimate separate models in which only occupational SEI, only nativity, only family status, or only race/ethnicity are included. The other is to conduct a stepwise analysis in which each category of predictors is entered at a separate step. Table 5 summarizes results of both approaches.
Estimating separate models reveals that all these predictors are statistically significant. Race/ethnicity appears by far to be the most important, with a much higher chisquare (even considering the larger number of variables introduced) and much lower log-likelihood statistic. Family status appears to be the least important by the measures of model fit, with occupation and nativity in between.
In the stepwise analysis, we maximize the potential impact of occupation by entering it first into the model, and we minimize the effect of race/ethnicity by entering it last. Introducing occupational SEI in the first step results in a strong and statistically significant fit: people with higher SEI are much more likely to live on a street segment with higher mean SEI (not counting themselves). Chi-square for this model is 408. Adding nativity more than doubles the chi-square value. Immigrants are much more likely to live on street segments with higher proportions of foreign-born neighbors, and natives are more likely to live with other natives. Family status has a modest but statistically significant incremental effect. What stands out by far is the very large increase in chi-square and large reduction in log-likelihood associated with adding the race/ethnicity variables into the model. Table 6 presents the coefficients for each predictor and interaction term in the model. These are presented in pairs. The first term in each pair is the effect of the neighborhood characteristic by itself. The relevant term for our purpose is the interaction between an individual's attributes and the neighborhood characteristic. All the interaction terms are statistically significant, and all are in the direction predicted by homophily-that is, "like attracts like." The Wald statistic measures the effect of the term on goodness of fit: how much would the fit be reduced if the term were omitted from the model? By this measure, homophily by occupational SEI and family status are more influential than nativity. The specific race/ethnicity terms vary in importance, and the order partly reflects the larger number of Germans and Irish in the sample. Another way to assess variables' importance is by the size of b (or the exponent of b). In this respect, what stands out among race/ethnicity variables is the very large coefficient representing black segregation. However, all the race/ethnicity interaction terms are large and, as we found earlier, are very important in combination. To help assess the size of these effects, we show in Fig. 6 the variation in the predicted probability of living in a street segment according to the percentage of same-group Probability of living in a given street segment (ratio to a random placement) by share of coethnics on the segment members residing in it. The y-axis is a probability ratio: the ratio of the predicted probability of living on a segment to the probability based on random assignment (1/1,442 = .00069). Values range from less than 1.0 (for low shares of coethnics) to 5.0 or higher (for high shares of coethnics). These curves are group-specific, and each one holds constant other variables in the model based on the average or modal values for respondents in that group. Figure 6 shows that for blacks, the probability ratio rises rapidly with the share of blacks in the segment. Starting below 1.0, it reaches 3.0 at around 25 % black; by 35 % black, it is above 5.0. The British curve is also distinctive, reaching 1.0 at about 12.5 % British, then rising above 2.0 at 30 %. For the remaining groups, the rise is steady but more gradual up to about 50 % coethnic, which in fact represents approximately the average street segment on which these group members live (as shown in Table 2 ). After that point, the slope increases most for the Irish. The German curve is similar but somewhat more gradual. The smallest effect of coethnicity is for native whites.
Assessing the Magnitude of Effects

Discussion and Conclusion
These findings should be interpreted with care. Although we frame the research question in terms of neighborhoods' spatial scale and their demographic basis, we have not actually identified neighborhoods in Newark in 1880. Rather, we have used the local area in which people live as a proxy for their neighborhood, assuming first that the neighborhood is the local street segment that they live on, then that the neighborhood also includes connected street segments, and then extending the boundaries out by another layer of connected segments. Thus, we have limited our study to egocentric neighborhoods, where a person is always near the geographic center. Newark may well have had some neighborhoods that were identifiable in other ways (such as homogeneous in class composition but with a diverse mix of other characteristics), or by some specific combination of class, ethnicity, nativity, and family status that we did not examine. These neighborhoods may have extended over many blocks, and some of our sample persons may have lived on the outer edge of the neighborhood instead of in its center. If we had known in advance what the "real neighborhoods" were, we would have approached our questions very differently. But as of yet, there is no consensus on how to identify neighborhoods. We have taken a step in that direction by providing some information about what seems to be the spatial scale of homophily (i.e., spatial sorting), which we take to be an important dimension of neighborhood. We have also made some progress toward determining the social characteristics from which neighborhoods are formed. However, real neighborhoods have other features that we did not study, such as a history and collective identity, local institutions, and organizations.
That said, our analysis shows that in Newark in this period, people lived near similar people at a very local scale, and that homophily declined significantly even a block away. This result is consistent with the intuition of urban ethnographers (such as Gerald Suttles) and with the perspective of more recent scholars (such as Rick Grannis) who have postulated that neighborhoods naturally build up from face-to-face interaction on a single street. Alternative findings were possible. For example, one could imagine a city where ethnic neighborhoods are well defined at a scale of dozens of city blocks. If non-ethnic residents were randomly distributed within the neighborhood, then any given ethnic resident could well live on a somewhat diverse street segment just by chance. Yet, at a larger scale, such variations would fade. In that case, there could be as much information about coethnic neighboring from data at a multiblock scale as at the scale of a street segment. That is not what we found.
One might suspect that our findings on spatial scale could have resulted from the fact that sampled persons themselves-because they live on the street segment-affect its composition. In that case, the stronger associations between personal and neighborhood characteristics would be built in by the methodology. However, because we have full count data for Newark, we have been able to measure neighborhood composition without including the sampled person. Characteristics of the sampled person cannot be thought of as "causing" the composition of the neighborhood in this analysis.
Is this result connected with the period that we study? Possibly so. In 1880, most working-class people probably walked to work. The available horse-drawn trams were slow, expensive, and designed especially to serve more affluent people who lived in newly developing suburbs. People likely did their routine shopping very close to home, creating relatively small micro-environments of daily living. Possibly as mass public transportation and use of private cars became important, people tended to move across greater distances and their neighborhoods both expanded in geographic scale and became more distant from one another. As geocodable census microdata from a more recent period become available, or as large databases emerge that track people's movements through smart phones and other devices, we will gain a capacity to study this question. We believe that discrete choice models such as the one used here will be informative about historical changes in the scale of neighborhood formation, and much can be learned by applying them to both historical and contemporary data.
It may be argued that for the purpose of studying spatial inequality, it doesn't matter that sorting occurs mainly at the scale of street segments rather than larger units. As noted earlier, Suttles (1972) believed that larger areas constituted what he called "defended neighborhoods" in which one could expect to find collective mobilization. It is at these larger scales that school segregation and other public infrastructure are often determined, and for some purposes, the "real" boundaries of neighborhoods are predetermined by service boundaries or electoral boundaries or other similar sharp dividing lines.
Yet, spatial inequality is not the only motivation for studying segregation patterns. If in fact people's choices about where to live are strongly constrained by conditions at the most local scale, then studying choices or outcomes at that scale is also sociologically important. Choices at that scale-the locale within which people are most likely to have face-to-face interactions and form neighborhood-based social ties-may reveal most clearly the nature of social boundaries. Possibly even if formal services and political representation are organized at larger scales, other resources (such as social support networks, friendship patterns, or networks of information about jobs) may be organized at the same scale as choices about where to live. Newark's 1880 neighborhoods were formed as individuals located themselves among similar neighbors on a single street segment. We don't know whether the same is true today, but our point is that how neighborhoods are formed matters to our understanding of residential patterns.
Our other major finding is that several different social characteristics have a role in people's residential placement. This, too, is a question for comparative studies, and discrete choice models can again be a valuable tool. Unlike studies of segregation that evaluate spatial differentiation along one social characteristic at a time, the discrete choice model allows us to deal with them simultaneously. Both the data demands (large samples of geographically referenced microdata) and the computing load are high, but we can anticipate that both will become less limiting in the near future. Ethnicity stands out as a determinant in the Newark case (as does race, despite the very small black presence in the city). Class (as indicated by occupational standing), nativity, and family status also are significant.
Again we can ask whether the predominance of ethnicity is a function of the period or the groups being studied. Urban historians Warner (1962) and Zunz (1982) explicitly argued that high levels of ethnic segregation in 1880 were subsequently replaced by growing segregation by social class. Quillian (2015:258) , applying discrete choice models to contemporary data, reported that, "When neighborhood race and income are considered together, most of what appears to be race sorting into neighborhoods of different income levels is actually race sorting by racial composition." At the height of early suburban expansion after World War II, new suburbs were heavily dominated by single-family homes oriented toward the needs of families with children. Hence, family status may have become more significant at some point. Our findings for one city in 1880 raise questions and illustrate an approach to studying how neighborhood formation varies across urban areas and over time.
